The mechanism of the vasodilator action of pinacidil has been studied in rat mesenteric small arteries. The results show, first, that the use of flux studies to make measurements of ion permeability requires knowledge of the membrane potential, especially as regards K+ permeability. Second, the results confirm that the vasodilator effect of pinacidil is due to an increase in K + permeability. Lastly, the results suggest that the K+ channels involved are sensitive to glibenclamide.
Introduction
Pinacidil -like cromakalim, nicorandil and minoxidil -belongs to the class of vasodilators now known as K channel openers [1] . The hypothesis is that these drugs act by changing K+ permeability, and thus the permeability of the calcium channels through direct control of the membrane potential. It is, however, only recently that direct evidence has been obtained supporting the concept that the drugs are activators of K channels [2] [3] [4] [5] [6] . The aim of this communication is 2-fold: (1) to describe our contribution [5, 7] to the growing evidence that these drugs do indeed cause vasodilatation by causing opening of K+ channels, at least as regards pinacidil, and (2) to discuss new evidence concerning the type of channel which may be involved.
Methods
The methodology is described in detail elsewhere [5, 7] . In brief, rat mesenteric small arteries (i.d. 100-200 μm) were mounted in a myograph [8] and suspended in a chamber containing oxygenated physiological salt bicarbonate-buffered solution at 37°C. This allowed the isometric response of the vessels to the various drugs to be determined while simultaneous measurements of membrane potential were made using intracellular electrodes. Efflux rate constants were measured using the techniques developed for measurement of sodium metabolism in these vessels [9] .
Results and Discussion

Mechanism of Action
We have previously shown that pinacidil causes a concentration-dependent relaxation of rat mesenteric small arteries, the IC50 being somewhat less than 1 μM,with full relaxation being obtained with 10 μM [5] . Furthermore, we have shown that the effect of pinacidil is eliminated under conditions where the membrane is held depolarized in high potassium solution. This therefore raised the possibility that pinacidil acts by hyperpolarizing the cell membrane, and indeed this is the case: in resting vessels, starting from a resting potential of about -60 mV, pinacidil causes a prompt concentration-dependent reversible hyperpolarization with an EC50 of about l. and a maximum hyperpolarization of about 20 mV with 10 μM pinacidil [5] . This also is the case for activated vessels, where relaxation and hyperpolarization occur simultaneously (fig. l). Since in rat mesenteric small arteries the membrane potential plays a dominant role in the determination of tone [10] , there can be little doubt that the relaxation is primarily due to the hyperpolarization, but what is the mechanism by which pinacidil causes the hyperpolarization?
As described by the Goldman [11] equation, the membrane potential of a cell is determined by the concentrations of ions in-side and outside the cell, and the permeabilities of the cell membrane to these ions:
where i and o refer to the intracellular and extracellular spaces, respectively; P denotes permeability to the ions indicated; and R, T and F have the usual meaning [12] . Thus hyperpolarization could be caused either by an increase in the K+ permeability, or by a decrease in the Na + permeability, both of which would cause the cell to approach the equilibrium potential for K + . Changes in CI-permeability could also be involved, depending on whether the membrane potential is positive or negative with respect to the Clequilibrium potential. We have therefore investigated the effect of pinacidil on K + , Na + and Clpermeability.
In resting vessels, pinacidil causes a concentration-dependent increase in 42 K efflux, with an EC50 of about l μM, as for the hyperpolarizing effect of the drug. However, when these experiments were repeated in activated vessels the results were surprising ( fig. 2.) . It was found that when the washout solutions contained noradrenaline, pinacidil had no effect.
The solution to this paradox lies in the realization that the efflux rate constant is dependent not only on the permeability but also on the membrane potential. Since pinacidil causes such a profound hyperpolarization, exposure to pinacidil will increase the potential barrier to K + : if the permeability to K + remained unchanged, we would expect the efflux to decrease. Thus the fact that the efflux does not change can only be explained in terms of the K permeability increasing. The permeability can be calculated [7] from the so-called Katz factor [13] , a factor which depends on the membrane potential: efflux rate constant = constant · P · (Katz factor) For a cation like K + , and a negative membrane potential, the Katz factor is less than unity indicating that the efflux is less than would otherwise be expected, since the K + has to efflux against this potential barrier. Calculation of the permeability requires account to be taken of both the efflux rate constant and the membrane potential.
On this basis we have combined the measurements made of membrane potential and efflux rate constant to make statistical estimates of the permeability changes. These calculations show that there is indeed an increase in K + permeability ( fig. 3) , both in resting and in activated vessels. Thus it appears that pinacidil is indeed a drug which acts primarily by increasing K + permeability.
Channel Characterization
We may now consider the type of channel which may be involved. As shown above, investigations of this type are complicated by the requirement for measurements of both efflux rate constant and membrane potential. To some extent the difficulties may be overcome (as suggested to us by Dr. A.P. Somlyo) if the efflux experiments are performed in a high K + solution, for then the membrane potential would be about zero and independent of opening of K + channels.
As in normal saline, pinacidil also causes an increase in Rb + (here used as a marker for K + ) efflux ( fig. 4a ) in high K + solution. In the presence of D600, the Rb efflux rate constant was markedly lower (presumably because the open probability of calcium-dependent K + channels was reduced). However, the ability of pinacidil to enhance K efflux was not inhibited by 0600 ( fig. 4b ), suggesting that the channels concerned are not sensitive to calcium. This provides some evidence against the K channels concerned being calcium-activated K + channels (in agreement with Winquist et al. [14] ; but see Hermsmeyer [3] ). The effect of pinacidil was, however, inhibited by the sulphanylurea, glibenclamide ( fig. 4c ), a drug which can inhibit ATP-dependent K + channels [15) . Furthermore, we have found that glibenclamide (1 and 10 μM) completely inhibits the ability of pinacidil to relax these vessels [data not shown], confirming data from other vessels [2, 13) . The data therefore sup-port the possibility that the K channels involved are ATP-sensitive, but more work is necessary to establish this. 
